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Abstract 
Gifford-McMahon (G-M) cryocoolers are applied to cool down superconducting magnets. Operation conditions of a G-M 
cryocooler are restricted by the magnetic field. This limitation strongly affects the cryogen free magnet design. The paper 
presents the performance test results of a commercial G-M cryocooler with a cooling power of 1.5 W at 4.2 K (RDK-415 from 
SHI) in magnetic field. The cryostat with the tested G-M cooler has been installed in the room temperature bore of a 10 T 
conduction cooled superconducting magnet. The maximal induction of magnetic field applied to the second stage of the cooler 
was 1.9 T. Above this limit the cold head operated with abnormal sound. The performance has been measured by means of two 
resistive heaters and two thermal sensors mounted on the 1st and the 2nd stages of the G-M cold head. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of ICEC 25-ICMC 2014.  
Keywords: G-M cryocooler; magnetic field; superconducting magnets; cryogen free 
1. Introduction 
Cryogen free superconducting magnetic systems based on cryocoolers become popular in research labs due to 
simple and low cost operation. G-M or Pulse tube cryocoolers are applied to cool down superconducting magnets. 
Operation conditions of cryocoolers are limited by the magnetic field. The uncertainty of the magnetic field limit 
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may lead to unnecessary increase of the size and weight of a cryogen free magnetic system because the cold head 
should be placed away from the magnet to a region with low stray magnetic field.  
G-M coolers are sensitive to magnetic field in the region of the displacer motor, the drive crosshead, cooler 
displacers and regenerators. Sumitomo recommends that the motor area is not exposed to fields higher than 0.03 T. 
Fields around 0.03-0.05 T will have a detrimental effect on service life and fields above 0.07 T may cause the motor 
to stall [3]. Other sources [1,2] give the same limit for magnetic field on the motor 0.05-0.07 T. The performance of 
the second-stage rare-earth regenerator degrades in a magnetic field above 1 T [2] or 1.5 T [1]. The field 
perpendicular to the displacer tube should not be greater than 0.05 T. The field parallel to the displacer axis can be 
perhaps as high as 0.15 T [1]. On the other hand in the magnet [4] the RDK-415 cold head is operated at a position 
where the stray magnetic field is lower than 0.3 T. 
The goal of this work was to study the performance of a commercial G-M cooler (RDK-415 from SHI [5]) in 
magnetic field and to determine the magnetic field limit for the second stage region during short-term tests. 
2. Experimental setup 
The RDK -415 cryocooler has been installed in the center of a 10 T conduction cooled superconducting magnet 
with an 80 mm room temperature bore. The magnet consists of NbTi and Nb3Sn coils connected in series and 
charged with a single power supply. Magnetic field uniformity is 0.25% over the axial length of 30 mm. The magnet 
is cooled by means of a commercial two-stage 4 K Gifford-McMahon cryocooler (RDK-408 from SHI) with cooling 
power of 1 W at 4.2 K. The total cold mass is 71 kg. 
An additional turret and a flange have been mounted on the magnet so that the room temperature bore of the 
magnet is used as a vacuum case for the tested cryocooler. The copper radiation shield has been connected to the 1st 
stage of the tested cooler.  
Resistive heaters and thermal sensors were mounted on both stages of the cooler. The heaters were provided with 
voltage taps for precise heating power measurements. This measured heating power gave a good approximation to 
the cooling power of each corresponding stage of the cryocooler, because all other heat loads to the stage were much 
smaller according to our estimation. The heaters were wrapped with multilayer insulation. The 1st and 2nd stage 
temperatures were measured by means of the TVO [6] and Cernox 1050-AA-1.4L [7] thermal sensor respectively. 
The sketch and photo of the experimental setup are shown in Fig. 1. 
Fig. 1. (a) Experimental setup scheme; (b) Photo of the experimental setup. 
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3. Experimental results and discussion 
Fig. 2. Dependence of the 2nd stage temperature on induction of magnetic field at heater power on the 1st stage of 25 W (a) and 15 W (b). The 
2nd stage heater power values are shown in the plot. 
During the single measurement the magnetic field and the heating powers were kept constant until the 
temperatures of the 1st and the 2nd stages reached their steady values. It is necessary to note that the second stage 
temperature fluctuates with peak to peak value of up to 0.65 K. The temperatures mentioned below are averaged 
values. The experimental results have been collected in the magnetic field up to 1.9 T.  
Fig. 2. shows the dependence of the 2nd stage temperature on magnetic field for the 1st stage heater power of 
25 W (a) and 15 W (b) and for various 2nd stage heater power values. The corresponding change of the 1st stage 
temperature in magnetic field at 15 W heater power on the 1st stage is shown on Fig. 3(b). The 1st stage temperature 
increased on 0.7-1.0 K in the magnetic field of 1.8 T. The noticeable increase of the 2nd stage temperature occurs in 
the range of magnetic field of 0.6-0.8 T. 
Fig. 3(a) shows the 2nd stage cooling power as a function of the 2nd stage temperature at the 1st stage heater power 
of 15 W and 25 W at zero magnetic field. 
Fig. 3. (a) The 2nd stage heater power as a function of the 2nd stage temperature at zero magnetic field; (b) dependence of the 1st stage 
temperature on magnetic induction at heater power on the 1st stage of 15 W. 
 E. Kostrov et al. /  Physics Procedia  67 ( 2015 )  440 – 444 443
Fig. 4. The ratio of the 2nd stage cooling power in magnetic field to cooling power in zero field at the same temperature for the 1st stage heater 
power of 25 W (a) and 15 W (b). 
It is helpful to determine the reduction of the cooling power in magnetic field that can be done using the collected 
experimental data. Fig.4 shows the ratio of the 2nd stage cooling power in magnetic field to cooling power in zero 
magnetic field at the same temperature of the 2nd stage. The calculated results are shown for the 2nd stage power of 
0.5, 1 and 1.5 W and the 1st stage power of 25 W (a) and 15 W (b). The zero field data for this were obtained by 
means of interpolation of data presented in Fig. 3(a). It can be seen that the cooling power reduction ranges from 22 
to 49% for the 2nd stage cooling power range of 0.5-1.5W at 1.0 T central magnetic field and from 43 to 68% at the 
1.8 T central magnetic field. The cooling power reduction is relatively small (less than 5%) in the central magnetic 
field of up to 0.6 T.  
The magnetic induction distribution (in tesla) is shown in Fig. 5(a). Fig. 5(b) shows magnetic field component 
perpendicular to the cold head axis (in tesla) at central field of 2.0 T. 
Fig. 5. (a) Magnetic induction distribution (in tesla), (b) perpendicular to the cold head axis magnetic field component (in tesla) at central 
magnetic field of 2.0 T. 
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It was found that the cold head started to operate with abnormal sound at central magnetic field higher than 1.9 T. 
This corresponds to the following ranges of magnetic induction in the cold head parts: less than 0.035 T for the 
motor, 0.04 - 0.15 T for the area between the upper vacuum flange and the 1st stage flange and 0.15 - 2 T for the area 
between the 1st and 2nd stage flanges. The magnetic field component perpendicular to the cold head axis is up to 0.17 
T in the 2nd stage displacer tube. The abnormal operation of the cold head might be caused by eddy currents induced 
in the moving displacer. Due to the axial symmetry of the experimental setup the eddy currents are mainly 
circumferential. The interaction of eddy currents with the perpendicular component of the field results in a force 
opposite to the displacer motion.  
The temperature measurement error was calculated using sensor characteristics [8]. This error, induced by 
magnetic field of 2 T, does not exceed 10 mK for the 2nd stage temperature. The magnetic field does not affect the 
1st stage thermal sensor (TVO) as its magneto- resistance reaches almost zero value above 5 K at 2 T [9]. 
4. Conclusion
A G-M cold head with nominal cooling power of 1.5 W at 4.2 K has been tested in a asymmetric inhomogeneous 
magnetic field. The magnetic field on the upper vacuum flange of the cold head is 49 times lower than maximal 
value on the 2nd stage of the cold head. The tests revealed that the cooling power of cold head decreases for 22 - 
49% at 1.0 T and 43 - 68% at 1.8 T for cooling power of 0.5 - 1.5 W. The cooling power practically does not reduce 
in magnetic fields of up to 0.6 T. The magnetic field above 1.95 T leads to abnormal operation of the cold head. The 
experimental data have been collected during the short term operation (up to 1.5 hour for each point). The long term 
operation of the cold head in magnetic field may have a detrimental effect on service life. 
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